Effects of oligomycin on the partial reactions of the sodium plus potassium-stimulated adenosine triphosphatase.
The effects on phosphoenzyme (E-P) formation of ligands which activate Electrophorus (Na,K)-ATPase were investigated in the presence of oligomycin. When the enzyme was allowed to bind oligomycin in the presence of NaCl and MgCl2, subsequent addition of ATP plus KCl produced a monoexponential time course of E-P formation with a rate of 56 s-1, similar to the rate obtained in the uninhibited enzyme phosphorylated by ATP in the absence of KCl. Pi liberation under these conditions was slow and showed no initial burst phase, consistent with the inhibitory effect oligomycin has on the E1-P to E2-P conformational transition. Addition to KCl to a preincubation medium containing oligomycin, NaCl, and MgCl2 had no further effect on E-P formation. However, equilibration with oligomycin, KCl, and MgCl2 prior to the addition of NaCl plus ATP gave a much slower rate of E-P formation (5 s-1) and resulted in an initial rapid release of Pi similar to that found in the uninhibited enzyme. The slow increase in E-P level observed after incubation with oligomycin, KCl, and MgCl2 may be due to secondary formation of an inhibition complex following rapid binding of oligomycin. In contrast to the monophasic behavior which resulted from pre-exposure to NaCl or KCl, preincubation with oligomycin in the presence of MgCl2 plus Tris or Tris alone gave a biphasic pattern of E-P formation in which about 50% of the intermediate accumulated at a rate of 56 s-1 and the remainder at a rate of 5 s-1. In addition, the Pi burst amplitude was reduced, indicating partial inhibition of the enzyme. These results suggest that in the absence of Na+ and K+ only half of the enzyme is inhibited by oligomycin while the remainder undergoes inhibition subsequent to initiation of phosphorylation. Since the oligomycin concentration was saturating, the partial inhibition reflected in the biphasic pattern of E-P formation may be due to half-of-the-sites reactivity in which only half of the subunits bind oligomycin in the absence of monovalent cations.